Background: Women with uterine fibroids (UF) may undergo less invasive procedures than hysterectomy, including myomectomy, endometrial ablation (EA), and uterine artery embolization (UAE); however, longterm need for reintervention is not well characterized. We estimated reintervention rates for 5 years and identified predictors of reintervention. Materials and Methods: A longitudinal retrospective cohort study was conducted in women in MarketScan
Introduction

U
terine leiomyomas (uterine fibroids [UF] ) are benign hormonally responsive tumors that form in the wall of the uterus and are common in women aged 30-50 years.
1 UF are usually asymptomatic but can cause pelvic pain, reproductive problems, and heavy menstrual bleeding that may lead to anemia. 2, 3 For those with severe symptoms, treatment interventions include hysterectomy and other less invasive procedures. Hysterectomy involves removing the uterus, which typically requires hospitalization and can be associated with a lengthy recovery period, and eliminates the ability to carry a pregnancy.
(UAE), in order to conserve their uterus, avoid prolonged recovery times, or potentially retain fertility with myomectomy. These procedures are considered reasonable alternatives to hysterectomy, given their safety profile, patient satisfaction, and quality-of-life scores. 5 Numerous factors affect which intervention a patient undergoes, including symptom profile, patient preferences regarding recovery period and fertility, insurance, fibroid characteristics (location, number, and size), presence or absence of coexisting pathology, and experience of the physician. 6 Specific comorbidities such as menstrual disorders and pelvic pain may also influence the treatment decision. 7 Patients who undergo a more conservative approach than hysterectomy would prefer to avoid additional procedures, but there is limited recent evidence describing long-term reintervention rates with direct comparisons between myomectomy, EA, and UAE, especially in large samples with >1-year of follow-up observation. 8 Existing evidence primarily comes from clinical trials with only two comparison arms or surveys of patients with variable follow-up periods that often do not adjust for patient characteristics potentially relevant to the treatment decision.
Long-term comparative analysis of patients undergoing procedures for symptoms of UF is an identified research priority; the United States Agency for Healthcare Research and Quality concluded in 2011 that ''currently available literature is insufficient to draw conclusions about the relative benefits, harms, or costs of the available choices, making it difficult for patients, providers, payers, and others to select appropriate treatments. '' 8 Several studies have examined reintervention after UAE, including the EMMY, REST, and HOPEFUL trials, which reported cumulative reintervention rates ranging from 23% to 32% for 5-7 years. [9] [10] [11] [12] Reintervention was less common (16%) in a survey of women in the U.K. 5-7 years after UAE and in the U.S. fibroid registry in the 3 years after UAE (14%). 13, 14 Fewer recent studies have been performed for myomectomy and EA. Two U.S. studies in the early 2000s estimated cumulative 5-year reintervention rates of 24% after myomectomy and 22% for hysterectomy after EA. 15, 16 Lastly, a large retrospective analysis of U.K. women who underwent EA found a cumulative 5-year reintervention rate of 17%. However, these studies were generally conducted on a broader population of patients with menorrhagia, which may be due to causes other than UF. 17 Limited studies have directly compared reintervention rates across treatment options for patients with UF. A higher but not statistically significant number of patients received repeat interventions after abdominal myomectomy (14%) than after UAE (8%) in a study for 50-83 months. 18 In a long-term U.K. study, reintervention rates were 31% for UAE versus 26% for EA versus 25% for myomectomy for a maximum follow-up of 11 years. 19 A recent analysis of U.S. electronic health records found that EA had the highest hazard of reintervention, followed by myomectomy, then UAE. 20 Finally, a large analysis of U.S. commercial claims for women with symptomatic UF found that a significantly higher proportion of women who underwent UAE had reinterventions than those who had a myomectomy (17% vs. 15%); however, this study did not consider EA or myomectomy subtypes. 21 Depending upon the extent of fibroids, priorities of the patient, and experience of the physician, myomectomy procedures can be abdominal, laparoscopic, or hysteroscopic. 22 Laparoscopic myomectomy has increased in popularity due to lower rates of hemorrhage, shorter postoperative hospital stays, and less postoperative pain than abdominal myomectomy; however, the comparative risk of recurrence of fibroids and need for reintervention remain uncharacterized. [23] [24] [25] [26] UF-related treatment is associated with substantial healthcare utilization, which results in significant increases in direct and indirect costs. 27, 28 Interventional procedures for UF are expensive, and treatment selection has cost implications for several years. 4, 29 Evidence exists that the need for reintervention following nondefinitive procedures significantly reduces or eliminates the initial cost-benefit relative to hysterectomy. 10 The objectives of this research were to evaluate rates of reintervention after myomectomy (all known types and divided into the following three subtypes: abdominal, laparoscopic, and hysteroscopic), EA, and UAE for patients with UF in a large commercial claims data set and to identify patient characteristics and comorbidities associated with risk of reintervention.
Materials and Methods
Study design and data source
A retrospective analysis of longitudinal patient-level data was conducted using the MarketScan Ò Commercial Claims and Encounters database (Truven Health Analytics, Ann Arbor, MI). These data provide medical and prescription drug claims for a geographically diverse nationally representative population of >100 million U.S. employees with employersponsored insurance and their dependents. 30 Medical claims include diagnosis and procedure codes that can be used to identify patients with UF and specific interventional procedures. Claims can be linked to enrollment data through unique deidentified enrollee keys to determine periods of continuous coverage. For this study, claims from January 2008 through December 2014 were included. As no patientidentifying information was used in this analysis, institutional review board review was not required.
Study population
The sample included women aged 18-49 years with a diagnosis for UF, defined as International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9) code 218.x in any diagnosis field. Subjects must have had at least one initial procedure potentially related to UF (including hysterectomy, myomectomy, EA, UAE, and magnetic resonance-focused ultrasound [MRgFUS]), and a UF diagnosis on the date of their first UF-related procedure (index date) to ensure the treatment was for UF. Patients with an initial procedure that was not accompanied by a UF diagnosis were excluded. Women diagnosed with endometriosis or who underwent an oophorectomy before their index date were excluded, as these could affect the UF treatment selection.
All subjects were required to have ‡12 months of continuous insurance coverage before and after their index date. As such, patients with an index procedure in 2009 through 2013 were included in this study. Patients with a hysterectomy as their earliest UF-related procedure were excluded, as reintervention should not be needed. In addition, patients with MRgFUS as their initial intervention for UF were excluded due to small sample size. Lastly, patients who underwent a myomectomy of an unknown type were excluded due to incomplete information.
Initial interventions
The study population was divided into cohorts based on the initial interventions for UF-related treatment, identified using procedure codes on inpatient and outpatient medical claims, following the categorization used in prior UF studies. 4, 29 Myomectomy included a composite category of all known myomectomy procedures, as well as subcategories for each of three subtypes: abdominal, hysteroscopic, and laparoscopic. If codes for multiple procedure types were recorded on the same day for a given patient, the intervention was categorized to the more invasive treatment.
Outcomes
The primary outcome was reintervention, defined as EA, UAE, myomectomy, MRgFUS, or hysterectomy following the initial procedure. The proportion of patients undergoing first reintervention with each procedure type was assessed, as was the time from initial UF-related procedure to reintervention. Reintervention rates were calculated at various lengths of follow-up period among patients with continuous eligibility throughout. To account for delays in claims processing and coding related to follow-up care, a procedure recorded within 2 weeks following a prior procedure of the same type was not considered a separate reintervention, consistent with a previous reintervention study using this database. 31 
Potential predictors
The primary predictor examined was the initial intervention, including myomectomy (all of known types and separately abdominal, hysteroscopic, and laparoscopic), EA, and UAE. Other potential predictors included patient age, days from earliest observed UF diagnosis to first intervention, U.S. geographic region, year of initial intervention, any history of infertility and UF-related comorbidities present in the 12 months before the index date (assessed using ICD-9 diagnosis codes), along with the Charlson Comorbidity Index (CCI) based on enhanced ICD-9 algorithm. 32 Specific UF-related comorbidities analyzed were abdominal pain, anemia, endometrial polyp/other disorders of the uterus, heavy menstrual bleeding, obesity, other disorders of menstruation or abnormal bleeding (excluding heavy menstrual bleeding), ovarian cyst, pelvic inflammatory disease, pelvic pain, and urinary problems.
Statistical analyses
Descriptive statistics assessed differences between cohorts at baseline and at 12 months after the index date. Wilcoxon ranksum and chi-squared tests were used to compare continuous and categorical variables, respectively, with all comparisons relative to the combined myomectomy of known type cohort. Comparisons across myomectomy subtypes were conducted relative to abdominal myomectomy.
Survival analyses assessed time to reintervention, accounting for censoring due to death, loss of eligibility, or end of the data. Kaplan-Meier analyses estimated the probability of reintervention up to 5 years after the initial procedure. Multivariate Cox proportional hazards regressions estimated the effect of all predictor variables on hazard of reintervention, including procedure type, demographics, and UFrelated comorbidities. In all analyses, a two-sided alpha error level of 0.05 was used to indicate statistical significance. All analyses were conducted using SAS 9.4 software (SAS Institute, Inc., Cary, NC).
Results
Sample selection and baseline characteristics
A total of 35,631 women met the inclusion criteria and had an initial UF-related procedure with myomectomy (n = 13,804 all known types; n = 8,018 abdominal, n = 4,845 laparoscopic, n = 941 hysteroscopic), EA (n = 17,198), and UAE (n = 4,629) ( Fig. 1) . The size of the cohorts meeting the same selection criteria who received hysterectomy or MRgFUS as their initial intervention was 83,167 and 11, respectively. There were 678 patients with an initial myomectomy procedure of an unknown type, who were excluded.
The average age was 37.0 years, 42.4 years ( p < 0.001 relative to myomectomy), and 42.9 years ( p < 0.001) for patients who received myomectomy, EA, and UAE ( Table 1 ). The average age for patients with the three myomectomy subtypes was 36.5 years for abdominal, 37.0 years for laparoscopic, and 41.0 years for hysteroscopic (both p < 0.001 relative to abdominal). Nearly half of the myomectomy and UAE patients were located in the South compared with only 39% of EA patients, whereas more EA patients were located in the North Central and West (both p < 0.001). Most women had at least 90 days of gap between their first observed UF diagnosis and their initial myomectomy (57%) or UAE (68%), whereas 69% of patients undergoing EA did so within 90 days of their first observed UF diagnosis ( p < 0.001 for both). Myomectomy and EA were the more common interventions, representing 38% and 47% of cases in 2009 and 40% and 48% in 2013.
The CCI indicates that EA patients (mean, 0.28; p < 0.001) and UAE patients (mean, 0.27; p < 0.001) had a higher comorbidity burden than myomectomy patients (mean, 0.22). There was no significant difference in CCI between the three myomectomy subtypes (mean, 0.22, 0.24, and 0.22 for abdominal, hysteroscopic, and laparoscopic, respectively). For comorbidities associated with UF, EA patients had higher prevalence of bleeding abnormalities (e.g., the proportion of patients with heavy menstrual bleeding was 35% for myomectomy, 69% [p < 0.001] for EA, and 53% [p < 0.001] for UAE, and the proportion with other disorders of menstruation or abnormal bleeding was 38% for myomectomy, 62% [p < 0.001] for EA, and 37% [p < 0.001] for UAE).
A higher proportion of myomectomy patients had pain (e.g., the proportion of patients with pelvic pain was 39% for myomectomy, 27% [p < 0.001] for EA, and 33% [p < 0.001] for UAE, and the proportion with abdominal pain was 24% for myomectomy, 15% [p < 0.001] for EA, and 21% [p < 0.001] for UAE) at baseline. A higher proportion of UAE patients had anemia (34%) relative to EA (26%) and myomectomy patients (24%; p < 0.001). Infertility was most common among myomectomy patients at 15% relative to 5% of EA and 1% of UAE patients ( p < 0.001).
Among the three myomectomy subtypes, patients who received laparoscopic myomectomy had the highest proportion of patients who reported pelvic pain compared with patients who received hysteroscopic or abdominal myomectomies (47% compared with 27% and 36%, respectively). There were also significant differences across myomectomy procedure types with regard to a history of infertility; 19% of women who received laparoscopic myomectomies had a history of infertility compared with 5% of women who received hysteroscopic and 14% of women who received abdominal myomectomies.
Reintervention rates
Patients treated with EA had the highest observed rate of reintervention in each follow-up period, followed by UAE, then myomectomy. At 1 year after the index procedure, 4%, 12% ( p < 0.001), and 7% ( p < 0.001) of patients who received myomectomy, EA, and UAE, respectively, had a reintervention (Table 2) .
Among patients with a reintervention within the first year, the average time between the initial intervention and reintervention was shortest for myomectomy (149 days), followed by EA (158 days; p = 0.017) and UAE (175 days; p < 0.001). For these patients, roughly 60% of patients with EA and UAE initially progressed to hysterectomies (both p < 0.001 relative to 37% for myomectomy). Reintervention with EA was the next most common, with 40% of myomectomy, 23% of EA ( p < 0.001), and 17% of UAE ( p = 0.047) reintervention patients. Less than 1% of patients in each cohort had multiple reinterventions in the first year.
Among myomectomy subtypes, patients who received hysteroscopic myomectomies had the highest rate of reinterventions within the first year (12%) than patients who received abdominal (3%) and laparoscopic myomectomies (4%).
Initial sample of eligible uterine fibroid (UF) cases
Female patients with 1 claim with ICD-9 218.x in any diagnosis field from 2008 2014
N=1,897,160
Patients with 1 UF procedure, including hysterectomy, myomectomy, EA, UAE, and MRgFUS, with a UF diagnosis on the date of the earliest procedure (index date)
N=524,435
Patients with no endometriosis diagnosis or oophorectomy procedure prior to index date
N=479,996
Patients 18 49 years of age at index date
N=359,334
Patients with 12 months of eligibility before and after index date
N=107,844
Initial intervention myomectomy, EA, or UAE: 
<0.001
Cumulative proportion of patients undergoing reintervention, n Based on unique service dates of claims with a procedure code for UF-related intervention. To account for delays in claims processing and coding related to follow-up care, a procedure within 2 weeks of the prior procedure, and of the same procedure type was not considered a reintervention. MRgFUS, magnetic resonance-focused ultrasound.
Kaplan-Meier estimates of reintervention at 1 and 5 years after an initial procedure increased from 4% (CI, 4%-4%) to 19% (CI, 17%-20%) for myomectomy, from 12% (CI, 12%-13%) to 33% (CI, 32%-34%) for EA, and from 7% (CI, 6%-8%) to 24% (CI, 22%-26%) for UAE (Fig. 2) . For myomectomy subtypes, Kaplan-Meier estimates of reintervention at 1 and 5 years after an initial procedure increased from 3% (CI, 3%-3%) to 17% (CI, 16%-19%) for abdominal, from 12% (CI, 10%-14%) to 28% (CI, 23%-33%) for hysteroscopic, and from 4% (CI, 4%-5%) to 20% (CI, 17%-23%) for laparoscopic myomectomies. Survival without reintervention for both EA and UAE was significantly shorter than myomectomy based on a log-rank test ( p < 0.001).
Predictors of reintervention
A multivariate Cox proportional hazards model controlling for procedure type, demographics, and baseline comorbidities was used to produce hazard ratio (HR) estimates, representing the ratio of the hazard of reintervention relative to a reference group. EA and UAE had a higher hazard of reintervention than myomectomy, with HRs of 2.63 (CI, 2.44-2.83) and 1.56 (CI, 1.42-1.72), respectively ( 
Discussion
Reintervention comprises a significant burden for UF patients, and variation in reintervention rates across procedures should be an important consideration in treatment selection. The goal of this research is to inform patients, providers, and insurers of average rates of reintervention after myomectomy (of known type combined and by subtype, exclusive of Estimates were produced using a nonparametric survival analysis of time to first reintervention with patients censored based on loss of eligibility. CI, confidence interval.
unknown procedures), EA, and UAE for symptomatic UF patients. This builds on prior research, which mostly relied on surveys with limited comparison between treatments in the same population. This study of a large nationally representative commercially insured population found that 4%-12% of UF patients had a reintervention within the first year. EA is associated with the highest rate of reintervention, with Kaplan-Meier estimates indicating a 33% likelihood of reintervention for the 5 years after the initial procedure, followed by UAE at 24% and myomectomy at 19% (all differences statistically significant). Of the three myomectomy subtypes, abdominal had the lowest rate of reintervention, followed by laparoscopic then hysteroscopic. Age-and UF-related comorbidities significantly affected the hazard of reintervention.
Many factors should be considered before making a choice of therapy, including patient preferences and attributes of specific modalities. Patients who wish to maintain fertility may opt for myomectomy instead of EA. Conversely, patients who experience heavy bleeding may be more likely to undergo EA or UAE. Myomectomy has been associated with the longest recuperation period, and UAE with the shortest. 33 Absenteeism and disability days follow a similar trend. 4 EA has been shown to be the least expensive, in terms of payments from the insurer to providers, and UAE the most expensive. 4 ,34 Quality-of-life differences reported to date in the year after intervention have not been appreciably different, although this is an area of active research. 33, 35, 36 Rate of reintervention is another factor that patients and providers could consider when selecting treatment.
The reintervention rate estimates for each procedure type are generally consistent with prior research. A similar claimsbased study in the U.S. evaluating women treated for uterine leiomyoma also reported a higher cumulative incidence of reintervention for UAE than for myomectomy (17% vs. 15%) after a mean follow-up of 3.4 years. 21 Although the overall reintervention rates were lower than those found in this study, they were higher for patients with 5 years of data (23% vs. 27%), suggesting differential follow-up could have affected the results. In addition, their study did not consider EA as a reintervention and used a broader definition of UF while also requiring bulk symptoms that could have influenced the treatment selection.
Another study in the U.K. found that cumulative incidences of reintervention after myomectomy (25%) and EA (26%) were lower than after UAE (31%) over a maximum of 11 years, and estimated 12-month reintervention rates of 10%, 13%, and 14% for myomectomy, EA, and UAE, respectively, relative to 4%, 12%, and 7% in our study. 19 Discrepancies between the results could potentially be due to the longer follow-up period in their study and differences in the U.K. patient population and treatment practices. As the authors note, increased use of UAE and EA in the UK during the study period may have impacted reintervention rates. 19 For UAE, the 5-year reintervention rate falls within the range reported from the EMMY, REST, and HOPEFUL trials. [9] [10] [11] [12] The myomectomy reintervention rate estimate is only slightly lower than that reported in an earlier retrospective analysis of patients who underwent myomectomy from 1993 through 2002. 15 The reintervention rate estimates by myomectomy subtypes are also consistent with previous research that has shown similar recurrence rates between abdominal and laparoscopic myomectomies, but higher recurrence rates for hysteroscopic myomectomies. 23, [37] [38] [39] This phenomenon is not surprising in that patients who undergo hysteroscopic myomectomy may have other fibroids that are not addressed during the initial surgery and are more likely to experience incomplete fibroid resection. Although the reintervention rate for EA is higher than in prior studies, those studies included a broader population of women with menorrhagia and noted that the subset with UF had increased risk of reintervention. 17 Similar to the results of this study, several studies have reported higher rates of reintervention after UAE relative to myomectomy. 11, 33, 40 Only a single other U.S. study has directly compared myomectomy, EA, and UAE, finding reintervention hazard rates of 0.67 (CI, 0.54-0.84) for myomectomy and 0.55 (CI, 0.39-0.79) for UAE relative to EA. 20 Approximating their model specification, we find a similar estimate for UAE (HR, 0.61; CI, 0.56-0.66), but a lower estimate for myomectomy (HR, 0.39; CI, 0.36-0.42). This discrepancy could be due to different primary insurers or because they include a covariate for race, which we did not have access to in our research. In addition, their study relied on older data (2005-2011) and a smaller population, which may have different usage of specific myomectomy procedures associated with higher rates of reintervention, such as hysteroscopic myomectomy.
This study uses a large recent insurance claims database to compare nonhysterectomy options for treating patients with symptomatic UF. Prior estimates of reintervention rates were primarily from surveys or clinical trials that often relied on small samples and variable follow-up periods due to patient attrition. The majority compared at most two procedures, with limited adjustment for risk factors or treatment history. Using an insurance claims database allows for a direct comparison of multiple procedure types after adjusting for patient characteristics and health history. Administrative claims data provide certain strengths. For example, they typically allow for analysis of larger samples than are available in clinical trials and contain extensive longitudinal information. In addition, claims data more accurately reflect real-world patterns of medical resource use not affected by monitoring and enrollment biases in clinical trials. Furthermore, relying on claims data avoids biases inherent in patientreported outcomes.
A limitation of claims data is that disease severity and other clinical variables are absent from the data; however, in this case, patients reported herein had sufficient symptoms to require an interventional procedure. Although a UF diagnosis was required, it is possible that patients underwent the interventions examined primarily for conditions or symptoms unrelated to UF. Even if the procedure was for UF, we could not determine with certainty whether UF-related pain or bleeding ultimately led to the intervention, or whether treatment decisions were influenced by other comorbidities. However, a sensitivity analysis excluding patients with a history of pelvic inflammatory disease or prior ovarian cystectomy showed similar results.
Furthermore, the data did not allow for differentiation between unexpected reinterventions and planned completion procedures. In addition, the data set is restricted to commercially insured patients, so generalizability to a broader population (such as those with government-provided insurance) may be limited. The inclusion criteria did not allow generalization of results to women with endometriosis or prior oophorectomy, nor to women who had UF-related procedures without a concurrent UF diagnosis recorded. Patients with an initial intervention of myomectomy of an unknown type were also excluded from the study; however, results were largely unchanged in a sensitivity analysis after including these patients.
It is possible that differences in outcomes may be attributable to factors unobservable in claims data, in addition to the observed treatment decisions, such as desire to maintain fertility, clinical characteristics (e.g., number, location, and size of fibroids), health plan, and provider specialty. EA may not be directly comparable with UAE and myomectomy because it specifically targets menorrhagia associated with UF, instead of the fibroids themselves. Presence of heavy bleeding is controlled for in multivariate analyses along with other symptoms of UF, such as pelvic pain; however, claims data are limited in determining the precise reason for treatment selection and/or reintervention. Health history and UF treatments received before entering the data were not observed, and the earliest observed intervention in the data may have not been the actual first intervention for a given patient.
To allow for delays in claims processing, procedures occurring within 2 weeks of a prior procedure of the same type were not considered reintervention, which could cause an underestimation of the true reintervention rate. Finally, with the exception of the myomectomy subtypes examined, this study used broad categorizations of UF treatments and did not estimate variations in reintervention rates by more specific approaches used (such as resectoscopic or nonresectoscopic EA), which could be a subject of future research.
Conclusions
This study demonstrates that the need for reintervention in the treatment of patients with UF is common and differs across the interventional procedures to manage patients with UF. Although selection of a particular intervention should be specific to the patient, provider, and clinical profile, the risk of requiring reintervention should be an important consideration when determining the appropriate treatment approach for patients with UF, given the cost and patient burden of additional interventions. The interventions examined in this study differ in important dimensions beyond rates of reintervention and should not be viewed as interchangeable or perfectly substitutable. Additional research should further examine the implications of treatment selection by assessing the risk of procedural complications, the need for additional medical treatment for UF, and the cost consequences of reintervention.
